Introduction {#sec1}
============

CO~2~ sensors with good sensitivity and stability are in high demand.^[@ref1]−[@ref3]^ Additionally, CO~2~ capture approaches have been a long-standing area of research interest.^[@ref4]−[@ref8]^ Recently, a number of organic-based receptors with nucleophilic coordination sites have been studied at a fundamental level ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).

![Example of prior CO~2~ fixation strategies using strong Lewis bases (DBU,^[@ref12]^ NHC,^[@ref15]^ phosphinine,^[@ref19]^ and aminocarboxamidine^[@ref22]^) and an example of an aromatic pyridyl CO~2~ binder with hydrogen bond (H-bond) donors studied in this work.](ao0c00989_0001){#fig1}

This strategy holds the potential to rapidly identify suitable functionality, which can be incorporated into reusable sensors based on organic electronics and CO~2~ fixation approaches.^[@ref9]−[@ref11]^ Present strategies predominantly work through coordination of the carbon atom of CO~2~ to a nucleophilic receptor site based on an amidine nitrogen (e.g., 1,8-diazabicyclo(5.4.0)undec-7-ene, DBU),^[@ref12]−[@ref14]^ N-heterocyclic carbene carbons,^[@ref15]−[@ref18]^ or phosphines ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref19]^ These receptors often: (1) bind CO~2~ strongly, leading to incompatibility with reusable technologies without harsh conditions or chemical reactions to reverse binding (with some notable exceptions),^[@ref15],[@ref20],[@ref21]^ (2) are not stable under ambient conditions, and (3) are difficult to incorporate as a conjugated component in π-conjugated systems for use in organic electronics because of the lack of substitutable receptor π-system positions. Aminocarboxamidines have been shown to incorporate hydrogen bonding to an oxygen of CO~2~ in addition to a nitrogen--carbon interaction, resulting in a stabilized CO~2~ adduct ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref22],[@ref23]^ Inspired by the recent work with pyridine-based MOF-binding CO~2~,^[@ref24]^ we reasoned that the nucleophilicity of the Lewis basic nitrogen could be reduced by incorporation of this nitrogen into an aromatic pyridine system, which weakens electron density donation into the imine bond by substituents on the pyridine ring, allowing for reversible CO~2~ binding because this donation requires loss of aromaticity in the case of substituted pyridines. To enable CO~2~ bonding of significant strength, H-bonding groups of varying H-bond donor strength can be added near the nucleophilic nitrogen site. This allows for a tunable approach to strengthen or weaken CO~2~ adduct formation. Additionally, aromatic systems as receptors are characterizable with optical spectroscopic techniques and electrochemical techniques more readily than aliphatic binders because of the more easily accessed π and π\* orbitals. This expands the detection methods for the receptor beyond typically used nuclear magnetic resonance (NMR) spectroscopy. This paper puts forward a general strategy for the systematic evaluation of CO~2~ receptors with π-systems through an initial set of rapid analysis techniques using absorption spectroscopy, emission spectroscopy, and computational analysis. Techniques that are either more limited in environment (electrochemistry, which requires a high salt concentration) or lengthier in data collection time (variable low-temperature ^1^H NMR analysis) are then used to gather more data on intriguing receptors found during initial rapid screening. This general evaluation sequence allows for the rapid evaluation of eight potential CO~2~ receptors by down-selecting, in which potential receptors are carried forward to the next analytical technique set ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}). A down-selection approach allows quick determination of which receptors will be most suitable for use in applications for the detection of CO~2~.

![Down-selection of pyridyl-based receptors, according to the analysis method for CO~2~ detection.](ao0c00989_0002){#fig2}

Results and Discussion {#sec2}
======================

With the goal of rapidly identifying an aromatic CO~2~ receptor for incorporation into π-conjugated systems, eight initial targets were examined with varying aromatic nitrogen donor group strengths and varying H-bond donor strengths ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}). The initial analysis set utilizes optical spectroscopy, which requires significant differentiation of the receptor absorption features and the solvent. Based on this criteria, pyridine, 2,2′-bipyridine, and 4-dimethylaminopyridine were excluded because of significant absorption spectrum overlap with the solvents used in this study, which have considerable CO~2~ solubility. The remaining five CO~2~ binding groups have both a primary pyridyl-*N* coordination to the carbon of CO~2~ and a secondary hydrogen-bonding coordination sphere ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}). The effects of one versus two hydrogen bond donors are probed by comparing 5-iodo-1,2,3,4-tetrahydro-1,8-naphthyridine (py-**1**)^[@ref25]^ and pyridine-2,6-diamine (py-**2**).^[@ref26]^ H-bond donor strength is examined by varying the substituents on the H-bond donor nitrogen atoms with H on py-**2**, trifluoroacetyl groups on py-**3**,^[@ref27]^ and methanesulfonyl groups on py-**4**.^[@ref28]^ This provides a range of electron-withdrawing substituent strengths on the H-bond donor nitrogen atoms, resulting in a range of acidities, which modulates H-bond donor strength. The number of nucleophilic nitrogens is compared between one (py-**2**) and three with triazine-derivative py-**5**.^[@ref29]^ As an illustration of how these receptors could be incorporated into π-functional systems, halide functional handles are present on py-**1** and py-**5**.^[@ref25]^ This collection of receptors offers a range of both nucleophilicity and hydrogen bonding strengths, and each receptor is easily obtained from known synthetic routes in literature with py-**2** being commercial.^[@ref25]−[@ref27],[@ref29]^

![Target pyridine-based receptors.](ao0c00989_0003){#fig3}

Computational studies were undertaken to assess the viability of each CO~2~ receptor for binding based on electronic properties and coordination geometry at the M06-2X^[@ref30]^/6-311G(d) level with the Gaussian 16 software package using density functional theory (DFT).^[@ref31]^ The receptors all show reasonable bond lengths for binding of both the N atom of the receptor to the C atom of CO~2~ and the H atom of the receptor to the O atoms of CO~2~ with bond lengths ranging from 2.68 to −2.94 and 2.07 to 2.42 Å, respectively. CO~2~ binds in a coplanar geometry relative to the aromatic ring with the exception of py-**4**, which shows the CO~2~ binding above the plane of the aromatic ring. The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies were evaluated along with the vertical transitions and oscillator strengths for each receptor both in the presence and absence of CO~2~ ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). A change in orbital energies is expected upon addition of CO~2~ as an electron-accepting group near the aromatic nitrogen group. This would be expected to lower the LUMO energy primarily based on first principles analysis. Notably, the LUMO position remains on the aromatic group and consistently decreases in energy for each receptor in the presence of CO~2~ ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, [Figure S23](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)). The observed trend for the difference between the LUMO energy values for receptors with and without CO~2~ is py-**4** \> py-**5** \> py-**2** \> py-**1** \> py-**3**. Py-**4** has the largest change in LUMO energy, which is also correlated with py-**4** having the strongest H-bond donating strength because of the strongly withdrawn sulfonyl groups. However, no obvious trend emerges from this series based on number of H-bond donors, nucleophilic nitrogen strength, or H-bond donor strength. The HOMO orbital energies shift by only modest amounts both toward higher and lower energy upon coordination of CO~2~. The molecular dipole would be expected to strengthen upon CO~2~ binding if the molecule dipole is oriented toward the nitrogen binding group in the aryl ring because CO~2~ is an acceptor that would further polarize the molecule. This is the case for py-**1**, py-**2**, and py-**3**. However, for py-**4** and py-**5**, the dipole is not oriented toward the nitrogen binding group, and the dipole is found to weaken upon coordination of CO~2~. Among the receptors with the dipole oriented toward CO~2~, which could lead to stronger binding, py-**2** has the largest change in LUMO energy, suggesting that this receptor could be intriguing for future studies.

###### Selected Computational Data for the Receptors in the Presence and Absence of CO~2~

  Receptor                     HOMO (eV)   LUMO (eV)   orbitals (S~0~ → S~1~)   % Cont.      vert. trans (nm\|eV)   Osc. strength   dipole (D)   N--C bond length (Å)   H--O bond length (Å)
  ---------------------------- ----------- ----------- ------------------------ ------------ ---------------------- --------------- ------------ ---------------------- ----------------------
  **py-1**                     --7.132     0.080       H → L                    67%          264\|4.70              0.045           2.23                                 
                                                       H → L + 1                29%                                                                                      
  **py-1-CO**~**2**~           --7.167     0.020       H → L                    48%          266\|4.65              0.079           2.29         2.68                   2.25
                                                       H → L + 1                47%                                                                                      
  **py-1** Δ + **CO**~**2**~   --35 mV     --40 mV                              ↑H → L + 1   +2 nm                  +0.034          +0.06                                
  **py-2**                     --6.683     0.920       H → L                    92%          252\|4.92              0.133           0.26                                 
                                                       H-1 → L + 1              5%                                                                                       
  **py-2-CO**~**2**~           --6.669     0.839       H → L                    93%          256\|4.85              0.133           0.52         2.83                   2.17
                                                       H-1 → L + 1              4%                                                                                       
  **py-2** Δ + **CO**~**2**~   +14 mV      --81 mV                                           +4 nm                                  +0.26                                
  **py-3**                     --8.415     --0.808     H → L                    89%          247\|5.01              0.281           0.81                                 
                                                       H-1 → L + 1              4%                                                                                       
                                                       H-5 → L + 1              3%                                                                                       
  **py-3-CO**~**2**~           --8.377     --0.844     H → L                    90%          251\|4.95              0.282           1.19         2.94                   2.07
                                                       H-1 → L + 1              3%                                                                                       
                                                       H-5 → L + 1              3%                                                                                       
  **py-3** Δ + **CO**~**2**~   +38 mV      --36 mV                                           +4 nm                  +0.001          +0.38                                
  **py-4**                     --8.207     --0.442     H → L                    91%          246\|5.05              0.203           6.17                                 
                                                       H-1 → L + 1              6%                                                                                       
  **py-4-CO**~**2**~           --8.237     --0.575     H → L                    92%          249\|4.97              0.203           6.02         2.81                   2.42
                                                       H-1 → L + 1              5%                                                                                       
  **py-4** Δ + **CO**~**2**~   --30 mV     --133 mV                                          +3 nm                                  --0.15                               
  **py-5**                     --8.098     0.439       H-1 → L                  86%          221\|5.60              0.095           4.19                                 
                                                       H → L + 1                10%                                                                                      
  **py-5-CO**~**2**~           --8.136     0.351       H → L                    88%          223\|5.55              0.116           4.04         2.78                   2.18
                                                       H-1 → L + 1              7%                                                                                       
  **py-5** Δ + **CO**~**2**~   --38 mV     --88 mV                                           +2 nm                  +0.021          --0.15                               

Electronic transitions were analyzed by time-dependent (TD)-DFT at the same level of theory used for the geometry optimizations. Percent contributions of the orbitals to the S0 → S1 transition are comparable for all receptors and are primarily HOMO to LUMO transitions with the exception of py-**1**, which has a relatively higher contribution from the H → L + 1 orbital of 29 and 47% in the absence and presence of CO~2~, respectively. The vertical transitions range from 221 to 264 nm with an observed shift of 2--4 nm in the presence of CO~2~ for each receptor. This shift is expected because the addition of an electron-accepting CO~2~ group to the nitrogen donor should lower the LUMO energy and decrease the optical gap. Overall, the computational results suggest that CO~2~ binding can occur with these receptors, and optical changes may be observable via absorption and emission spectroscopy.

A series of photophysical studies via absorption and fluorescence spectroscopy in three solvents \[dimethylformamide (DMF), tetrahydrofuran (THF), and acetonitrile (MeCN)\] were performed. The solvents were selected based on varying dipoles (1.75--3.92 D), varying dielectric constants (8--38), and good CO~2~ solubility (0.20--0.28 M).^[@ref32]^ Additionally, tetrabutylammonium hexafluorophosphate (TBAPF~6~) was added to the solutions to probe the effects of increasing the dielectric constant on CO~2~ binding because bound intermediates may have localized charge on the nitrogen donor atom or the oxygen atoms of CO~2~.^[@ref12],[@ref33]^ Additionally, the dipole was found to strengthen upon coordination of CO~2~ in several cases computationally, and the addition of a salt to the solution may aid in stabilizing the molecular dipole upon CO~2~ coordination. Experiments were conducted by performing initial measurements under nitrogen, followed by measurements in a saturated solution of CO~2~ under a CO~2~ atmosphere. The receptors were measured in each solvent where the receptor had appreciable solubility with minimal spectral overlap with the solvent. Py-**2** uniquely shows a significant response via absorption spectroscopy in THF ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}). A shoulder at ∼335 nm shows a non-negligible increase in absorption intensity under CO~2~ relative to N~2~, which is strong evidence of py-**2**-binding CO~2~ in the ground state. The introduction of CO~2~ to the solution resulted in an increase of 6% absorption intensity induced by the binding of CO~2~, leading to a stronger optical transition. The reason for this increase in absorption strength was not apparent from these studies. Structurally, py-**2** represents an extreme in the series being probed with the strongest nitrogen nucleophile because of the two strong ortho amine donor atoms. Py-**2** also has the weakest H-bond donors. Interestingly, seemingly both H-bond donors via two amine activating groups need to be present to observe a binding effect because py-**1** with one hydrogen bonding amine group shows no evidence of CO~2~ binding via absorption spectroscopy. The remaining receptors show no dramatic changes in the absorption spectrum ([Figures S1--S11](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)).

![Absorption spectrum of py-**2** in THF with and without TBAPF~6~ electrolyte. An image of a CO~2~ bound to py-**2** with labeled bond distances is overlaid.](ao0c00989_0004){#fig4}

Computational studies at the M06-2X^[@ref30]^/6-311G(d) level with the Gaussian 16 software package^[@ref31]^ show a preferred binding geometry with both amine groups on py-**2** hydrogen bonding at a distance of 2.17 Å with the nucleophilic nitrogen binding the carbon of CO~2~ at a distance of 2.83 Å ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}). Notably, the structure slightly desymmetrizes with one of the amine groups rotating the hydrogen further out of the aryl plane. No significant change in the frontier molecular orbital positions is observed ([Figure S23](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)). TD-DFT at the M06-2X/6-311G(d) level predicts a slight red shift of the absorption spectrum by about 4 nm when CO~2~ is bound. This is consistent with the small shift (∼1 nm) in the absorption curve for the higher energy peak at 312 nm when CO~2~ is added.

Fluorescence spectroscopy was probed next for each receptor in each solvent with and without TBAPF~6~ being added. In general, fluorescence is an exceptionally sensitive optical measurement technique, allowing for subtle changes to the fluorophore environment to result in significant signal changes. Significant shifts are noted for all of the receptors when emission curves under N~2~ and CO~2~ are compared for at least one solvent ([Figures [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} and [S12--S18](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)). The solvents with the most dramatic shifts in curve shapes and emission energies are shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} with the remaining curves in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf). In DMF, py-**1** shows a relative increase in emission intensity in the 370--390 nm wavelength region when the other regions are normalized. Only one of the emission band features increases in intensity, which could be due a new species in solution because of CO~2~ binding. When TBAPF~6~ is added, the effect remains, although it is present to a lesser extent. The most dramatic change in the emission curve signals occurs when CO~2~ and N~2~ are compared with py-**2** in the presence of TBAPF~6~ in THF. Under N~2~, the emission curve has three features. The two most intense curve features under N~2~ diminish dramatically when CO~2~ is added with a dominate high energy peak remaining. This large shift in emission intensity (∼40% lower with CO~2~) and wavelength (∼50 nm) suggests significant interactions with CO~2~ when the solution dielectric constant is increased by addition of TBAPF~6~. This may indicate that the electrolyte is promoting the formation of a zwitter ionic-like py-**2**-CO~2~ adduct.^[@ref12]^ Py-**3** and py-**4** uniquely show increases in emission intensity in the lower energy region of the spectrum with and without electrolyte in acetonitrile. The remaining receptors show either loss of low-energy emission intensity or an increase in high-energy emission intensity. Py-**3** and py-**4** are unique among the receptors in which they have the strongest hydrogen bond-donating groups and weakest nitrogen nucleophile. This combination is correlated via these studies to an increase in low-energy emission intensity. Py-**5** shows a significant change in the emission curve shape in DMF only when TBAPF~6~ is present with a response similar to that observed for py-**1**.

![Emission spectra of py-**1** in DMF (top left), py-**2** in THF (top right), py-**3** in MeCN (middle left), py-**4** in MeCN (middle right), and py-**5** in DMF (bottom). The solid lines denote under an inert atmosphere, and dashed lines represent the presence of CO~2~. Red curves are in the absence of TBAPF~6~, and blue curves are in the presence of 0.1 M TBAPF~6~.](ao0c00989_0005){#fig5}

Among the receptors, py-**2** shows the only significant response via absorption spectroscopy and the most dramatic response via fluorescence spectroscopy. Py-**2** was exclusively used in the next set of analytical techniques \[cyclic voltammetry (CV) and NMR\] after rapid computational and optical property screening show this receptor to be the most promising ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}). Based on this data, a strong nitrogen nucleophile may be the dominate effect, governing interactions with CO~2~, with the hydrogen bonding groups serving as a secondary role. Py-**2** was then used for additional electrochemical and NMR studies. Signal responses are expected for both techniques because this receptor shows strong binding properties in THF via optical measurements. Upon binding of the nucleophilic nitrogen to CO~2~, a loss of electron density on the pyridine ring is expected because of the buildup of a partial positive charge on the nitrogen atom. A loss of electron density would be expected to present as a shift in electrochemical peak oxidation potentials toward more positive values whereas the receptor would become more difficult to oxidize. Thus, CV studies were undertaken with py-**2** in THF to probe if CO~2~ is associated in this solution ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}, see [Figure S19](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf) for a wider scan window). Under argon, two oxidation waves are observed with weak, pseudo reversibility with peak potentials of 0.51 and 1.13 V versus ferrocenium/ferrocene (Fc^+^/Fc). Upon addition of CO~2~, these peaks shift as hypothesized to more positive oxidation potentials by 0.04 and 0.07 V, which is indicative of an electron-withdrawing moiety such as CO~2~ being added to the compound. This shift in potential is indicative of a receptor binding CO~2~ in the ground state as is commonly observed for electrocatalytic CO~2~ reduction reactions.^[@ref34]^ Notably, the reduction potential of the receptor is outside the electrochemical solvent/electrolyte window.

![Cyclic voltammogram of 4 mM py-**2** in THF with 0.1 M TBAPF~6~ under argon and CO~2~.](ao0c00989_0006){#fig6}

Variable temperature (VT) ^1^H NMR studies were undertaken with py-**2** in THF-*d*~8~ under N~2~ and with CO~2~ to analyze binding event equilibrium temperatures and to better characterize the CO~2~-bound py-**2** species ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}, see [Figures S20--S22](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf) for the spectrum in CD~3~CN and DMF-*d*~7~). In THF-*d*~8~, the free py-**2** is observed primarily in solution in the presence of CO~2~. However, beginning at 10 °C, small amounts of a new species can be observed at 5.97 and 7.24 ppm near the satellite peaks for the free py-**2**. The new species continues to grow as colder temperatures are reached to the experimental limit of our setup at −70 °C. At −70 °C, four well resolved peaks can be identified in the spectrum as two doublets (5.89 and 7.42 ppm) and a triplet (7.19 ppm) at similar estimated integrations. These signals are assigned to the aromatic protons on the py-**2** receptor. Additionally, a peak shifting significantly with temperature is observed from −30 °C (9.08 ppm) to −70 °C (9.71 ppm). This peak is attributed to one of the N--H bonds on py-**2** with the other signal not being observed. These data suggest that the CO~2~-bound py-**2** complex is not symmetric (as suggested by DFT) because of a differentiation in all of the aromatic signals and estimated integration giving equal hydrogen counts. Importantly, at −70 °C under N~2~, no new signals are observed, which suggests that the new signals under CO~2~ are because of formation of a py-**2**-CO~2~ adduct. Similar behavior is observed for py-**2** in CD~3~CN ([Figure S20](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)) and DMF-*d*~7~ ([Figure S21](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf)) via VT ^1^H NMR, although the temperature range was limited due to the higher melting points of these solvents relative to THF-*d*~8~. CD~3~CN shows the presence of peaks assigned to the CO~2~-bound py-**2**, appearing clearly at −20 °C, which is about 30 °C lower in temperature than was required to see the peaks in THF-*d*~8~. DMF-*d*~7~ shows new peaks first appearing at about 0 °C, which is near the same temperature as they appear in THF-*d*~8~. It is consistent that the interaction of py-**2** with CO~2~ could be observed at the highest temperatures in THF, and that the optical data obtained for py-**2** with CO~2~ at room temperature gave the most dramatic evidence of binding among the receptors. At the lowest temperature measured with DMF-*d*~8~, strong signals are observed for the new species with the most down-field signal being observed at 16 ppm. A shift, this far, down-field is diagnostics of strongly hydrogen-bonded proton signals or acidic hydrogens, which could occur upon CO~2~ binding to py-**2**.^[@ref35]^ Notably, all of the signals attributed to a py-**2**-CO~2~ adduct disappear at room temperature, which indicates that py-**2** is serving as a reversible CO~2~ binder.

![^1^H NMR data showing CO~2~ binding with py-**2** in THF-*d*~8~.](ao0c00989_0007){#fig7}

Conclusions {#sec3}
===========

In conclusion, a series of pyridine-based receptors were evaluated for binding of CO~2~. Increasing the number of hydrogen binding sites on strongly donating atoms from one to two dramatically increased the binding of CO~2~. Stronger hydrogen bond donors were found to decrease CO~2~ binding strength, suggesting that this is weaker secondary effect relative to the primary effect of a nucleophilic nitrogen binding. This finding highlights the importance of the nucleophilic site in contrast with the hydrogen bonding site. The 2,6-diaminopyridine receptor was shown to bind CO~2~ by absorption spectroscopy, fluorescence spectroscopy, CV studies, and ^1^H NMR studies. The NMR studies show a reversible system, highlighting the applicability of these receptors to technologies for CO~2~ fixation and reversible sensors. Readily available functional handles on the receptors enable their use in a variety of applications such as OFET sensors, which is being pursued as a future direction.

Experimental Section {#sec4}
====================

Spectroscopic-grade MeCN and DMF were used as received from the supplies. THF was passed through a solvent transfer system using a bed of alumina as a drying reagent and was kept under argon. *Absorption spectroscopy* data were collected on a Cary 5000 UV--vis--NIR spectrometer. The receptor (1 mg, 1.2 mM) was dissolved in 10 mL of solvent with 0.1 M TBAPF~6~ present when noted. A blank of the same solvent that was used to prepare the solutions was used to serve as the background during absorption spectroscopy data acquisition. The solution (3 mL) was pipetted into a clean, dry, and sealable cuvette. The solvent level was marked, and then 0.15 mL of pure solvent was added. The sample was then degassed with nitrogen until the solvent level returned to the original marked level before data were acquired. This procedure was replicated for CO~2~. *Fluorescence data* were collected on a Horiba FluoroMax SpectroFluorimeter. Samples were prepared identically as described for the absorption spectroscopy studies. Each receptor was photoexcited at the maximum absorption peak for the lowest energy transition from the absorption curve. Computational data were collected using the M06-2X^[@ref30]^/6-311G(d) level with the Gaussian 16 software package.^[@ref31]^

*Cyclic Voltammetry* data were collected on a CH Instruments Electrochemical Analyzer (CHI602E). A 0.1 M solution of tetrabutylammonium hexafluorophosphate was used as the electrolyte with THF as the solvent. A glassy carbon working electrode, platinum counter electrode, and silver wire reference electrode were submerged in the electrolyte solution within a sealable three-necked flask. The system was then degassed with argon until the solvent level returns to the original level after addition of 0.2 mL of pure solvent. py-**2** (1.3 mg, 4 mM) is added into the flask along with 0.2 mL of pure solvent. The solution is once again degassed with argon until the original solvent level is reached before data acquisition. The same procedure is repeated with CO~2~ in place of argon. Ferrocene was used as an internal reference in the CV studies.

*NMR* experiments were performed with Avance 500 MHz NMR. Samples were prepared by dissolving 3 mg of 2,6-diaminopyridine in THF-*d*~8~, CD~3~CN, or DMF-*d*~7~. Nitrogen was bubbled through each NMR tube for 30 s, followed by carbon dioxide bubbling for 30 s, and then the tube was sealed with a screw cap for NMR analysis. Variable temperature was performed beginning at low temperature and ramping up in 10° increments. Each spectrum was referenced to the deuterated solvent peak using IconNMR software.

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c00989](https://pubs.acs.org/doi/10.1021/acsomega.0c00989?goto=supporting-info).Full cyclic voltammogram of py-**2** and^1^H characterization of py-**2** in MeCN-*d*~3~, DMF-*d*~7~, and THF-*d*~8~ along with computational data ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00989/suppl_file/ao0c00989_si_001.pdf))
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